Although inspiratory muscle training (IMT) is reported to improve inspiratory muscle 22 strength in humans little has been reported for horses. We tested the hypothesis that IMT 23 would maintain and/or improve inspiratory muscle strength variables measured in 24 Thoroughbreds during detraining. Thoroughbreds from one training yard were placed into a 25 control (Con, n=3 males n=7 females; median age 2.2±0.4 years) or treatment group (Tr, n=5 26 males, n=5 females; median age 2.1±0.3 years) as they entered a detraining period at the end 27 of the racing/training season. The Tr group underwent eight weeks of IMT twice a day, five 28 days per week using custom-made training masks with resistance valves and an incremental 29 threshold of breath-loading protocol. An inspiratory muscle strength test to fatigue using an 30 incremental threshold of breath-loading was performed in duplicate before (T 0 ) and after four 31 (T 1 ) and eight weeks (T 2 ) of IMT/no IMT using a custom-made testing mask and a 32 commercial testing device. Inspiratory measurements included the total number of breaths 33 achieved during the test, average load, peak power, peak volume, peak flow, energy and the 34 mean peak inspiratory muscle strength index (IMSi). Data was analysed using a linear mixed 35 effects model, P≤0.05 significant. There were no differences for inspiratory measurements 36 between groups at T 0 . Compared to T 0 , the total number of breaths achieved (P=0.02), load 37 (P=0.003) and IMSi (P=0.01) at T 2 had decreased for the Con group while the total number 38 of breaths achieved (P<0.001), load (P=0.03), volume (P=0.004), flow (P=0.006), energy 39 (P=0.01) and IMSi (P=0.002) had increased for the Tr group. At T 2 the total number of 40 breaths achieved (P<0.0001), load (P<0.0001), volume (P=0.02), energy (P=0.03) and IMSi 41 (P<0.0001) were greater for the Tr than Con group. In conclusion, our results support that 42 IMT can maintain and/or increase aspects of inspiratory muscle strength for horses in a 43 detraining programme. 44 3 45 Introduction 46 Resistance training is a versatile form of exercise training with a large range of adaptations 47 occurring including improved muscular strength, power, shortening velocity and endurance 48 [1]. Respiratory muscle training (RMT) is a resistance training technique aimed towards 49 improving the strength and function of the respiratory muscles using the general training 50 principals of overload. It is claimed to be the most efficient way of improving respiratory 51 muscle function [1]. 52 53
An incremental threshold of breath-loading protocol adapted from the human literature and 145 developed for horses was used for the IMST [21] (Fig 4) , in which the peak inspiratory 146 pressure generated when breathing against an increasing amount of resistance is measured. 147 The protocol consisted of an initial low threshold opening pressure, allowing the horse to 148 become accustomed to the test, followed by an incremental loading protocol consisting of a 149 ramp of increasing resistance to breathing by 2 cmH 2 O for each increment up to a potential 150 maximum of 60 breaths in total. Each loaded breath was followed by two minimally loaded 151 breaths (3 cmH 2 O), allowing the horse to recover before moving on to the next loaded breath.
152
A loaded breath had to be completed to progress; if a horse failed twice to progress then the 153 test ended. Inspiratory muscle strength training 160 After baseline testing (T 0 ), both groups of animals entered into an eight-week long study 161 period with the Tr group receiving IMT twice a day, five days per week with a two to four-162 minute break between the two duplicate daily sessions. During this time, the Con group 163 underwent weekly acclimatisation to the mask with a training valve as described previously 164 to ensure similar familiarity and comfort with the mask as the Tr group during the study. Potential outliers for a given response were investigated by excluding them for an initial 204 analysis and then examining the change in parameter estimates once they were included, 205 using Student's t-tests to assess for significant differences in the slope of each fixed effect. 
Results

210
The study groups are summarised in Table 1 . Twenty-four horses were initially recruited with 211 one horse dropped from the study due to inability to acclimatise to the mask and three 212 additional horses dropped from the study due to being sold and leaving the training yard. 
Number of breaths achieved 240
The number of days since the last day of exercise training had a significant negative effect on 241 the total number of breaths achieved during the IMST (P<0.001). There was no difference for 242 the total number of breaths achieved between the Con and Tr groups at T 0 (Table 3 , Fig 5) . 243 However, there was a significant difference between the Con and Tr groups at T 2 (P<0.0001), 244 with the Tr group achieving a greater number of breaths than the Con group. Furthermore, the 245 number of breaths achieved at T 2 significantly decreased for the Con horses (P=0.02) and 246 increased for the Tr horses (P<0.001) as compared to the T 0 measurements (Table 3 , Fig 5) . The number of days since the last day of exercise training had a significant negative effect on 257 the peak IMSi achieved during the IMST (P=0.01). There were no differences for peak IMSi 258 between the Con and Tr groups at T 0 ( (Table 3 , Fig 6) . Load (inspiratory pressure) 273 The number of days since the last day of exercise training had a significant negative effect 274 while the duration of IMT training had a significant positive effect on the peak load achieved 275 during the IMST (P=0.004). There were no differences for the peak load between the Con 276 and Tr groups at T 0 (Table 3, Fig 7) . However, there was a significant difference for the peak 277 load (P<0.0001) between the Con and Tr groups at T 2 , with the Tr horses able to achieve a 278 greater load than the Con horses. The peak load that horses were able to achieve at T 2 had 279 significantly decreased in the Con group (P=0.003) and increased in the Tr group (P=0.03) as 280 compared to T 0 (Table 3, Fig 7) . Measurements of the peak power achieved during the IMST were highly variable for both 291 groups, with multiple extreme outliers identified. A log transformation of the power 292 measurements successfully normalised the residuals after exclusion of observations with a 293 power greater than 3.5 W. There were no differences for the peak power achieved during the 294 test between the Con and Tr groups at T 0 or at T 2 (Table 3 , Fig 8) . Measurements of the inspiratory volume achieved during the IMST were highly variable for 304 both groups making it difficult to discern any patterns over time. A log transformation of the 305 volume measurements successfully normalised the residuals. There were no differences for 306 the peak volume achieved during the test between the Con and Tr groups at T 0 (Table 3 , Fig   307   9 ). However, there was a significant difference for the peak volume achieved between the 308 Con and Tr groups at T 2 (P=0.02), with the Tr horses able to achieve a greater volume during 309 the test than the Con horses. There was no difference in the peak volume that horses in the 310 Con group were able to achieve at T 2 as compared to T 0 (Table 3, Fig 9) . Comparatively, the 311 peak volume that horses in the Tr group were able to achieve at T 2 had significantly increased 312 as compared to T 0 (P=0.004; Table 3 , Fig 9) . Measurements for peak flow achieved during the IMST were highly variable for both groups, 323 although a log transformation of the data resulted in normalised residuals. There were no 324 differences for the peak flow achieved between the Con and Tr groups at T 0 (Table 3 , Fig   325   10 ). There was no change in the peak flow that horses in the Con group were able to achieve 326 at T 2 as compared to T 0 (Table 3 , Fig 10) . Comparatively, the peak flow achieved by Tr 327 horses at T 2 had significantly increased above T 0 values (P=0.006; Table 3 , Fig 10) . Energy (work of breathing) 337 Measurements for the peak energy achieved during the IMST were highly variable, but a log 338 transformation of the data and exclusion of observations greater than 7.5 J resulted in 339 residuals closer to but not fully normalised, as the Shapiro-Wilk test still indicated non-340 normality of the residuals (P=0.01). There were no differences for the peak energy between 341 the Con and Tr groups at T 0 (Table 3 , Fig 11) . However, there was a significant difference 342 between the Con and Tr groups at T 2 (P=0.03), with the Tr group having higher energy 343 measurements than the Con group. There was no change in the peak energy for the Con 344 group at T 2 as compared to T 0 (Table 3 , Fig 11) . Comparatively, the peak energy for Tr 345 horses at T 2 had significantly increased above T 0 values (P=0.01; Table 3 , Fig 11) . against an increasing load, reflected by the inspiratory pressure generated and associated 396 force exerted by the respiratory muscles during inspiration. Since it is not possible to obtain 397 maximal inspiratory efforts voluntarily from horses, a proxy for maximal inspiratory pressure 398 (e.g., IMSi) was used as previously described [21] . Eight weeks of IMT also significantly 399 increased the peak inspiratory volume, flow and energy measured during the IMST, with the 400 latter reflecting the amount of mechanical work (e.g., effort) during inspiration. These results In humans IMT has been demonstrated to increase the strength and endurance of the 406 inspiratory muscles [1, 17] 
